Background: There is a paucity of evidence comparing oncological and voice outcomes between T2a and T2b glottic squamous cell carcinoma (SCC) patients treated with transoral laser microsurgery (TLM). This study identified functional and oncological outcomes in this cohort. Methods: Retrospective review of prospectively collected data of patients treated with TLM for T2 glottic SCC from 2003 to 2017. Results: In total, 75 patients were included. Five-year local control rates were significantly different between T2a and T2b patients (75.2% vs 57.0%, p = 0.022). There was no difference in five-year survival between patients with T2a disease and T2b disease (69.5% vs 73.4%, p = 0.627). There was no significant difference in mean VHI-10 scores in the preoperative period (18.3 vs 21.4, p = 0.409). However, patients with T2b disease had significantly worse perceived voice outcomes post-operatively (6.6 vs 21.3 p = 0.001). Patients with T2a disease saw significant improvements in mean VHI-10 scores following surgery (18.3 vs 6.6, p = 0.000), while T2b patients did not (21.4 vs 21.3, p = 0.979). The overall laryngeal preservation rate was 94.7%, with 11.5% of T2b patients requiring salvage organ sacrifice. Conclusions: This study highlights positive functional outcomes for T2a glottic SCC. Patients with T2b disease appear to have significantly worse oncological and functional outcomes, including worse voice quality following surgery and higher rates of salvage laryngectomy.
Background
Squamous cell carcinoma (SCC) is the most common form of laryngeal cancer. Of the three anatomical subsites of the larynx, glottic involvement is by far the most common, accounting for 60 to 75% of laryngeal cancers. Minimally invasive surgical techniques, such as transoral laser microsurgery (TLM), have allowed for glottic cancers to be treated with primary surgery [1] .
The current American Joint Committee on Cancer (AJCC) staging system for glottic cancer does not substratify primary tumor involvement for T2 cancers. However, some authors have called for substratification by vocal cord mobility, with reduced vocal cord mobility (T2b) suggesting more significant tumor invasion [2] . Previous studies have demonstrated a detrimental effect on local control and patient survival in patients with reduced vocal cord mobility when undergoing treatment with radiotherapy [3] .
Only a single study has compared oncological outcomes in patients treated with TLM between T2a and T2b [4] . Local control rates and patient survival in T2b tumors were found to be more similar to T3 tumors than T2a. Transoral laser microsurgery and radiotherapy offer satisfactory voice outcomes in early glottic cancers, with conflicting results in regards to superiority of specific modalities [5, 6] . No studies have examined the difference in functional voice outcomes between patients with T2a and T2b treated with TLM. We hypothesized that functional outcomes after TLM would be worse for those patients with T2b disease.
This study is the first to describe the effect of reduced vocal cord mobility on perceived voice outcomes following treatment by TLM in patients with T2 glottic SCC. Additionally, we offer further evidence for oncological outcomes in this patient group.
Methods

Patients, diagnosis, and functional outcomes
Retrospective chart review of prospectively collected data for all patients undergoing TLM resection of T2 glottic SCC at our institution was completed. All patients undergoing TLM surgery diagnosed with cT2 disease between January 2003 and July 2017 were included. Patients were excluded if the initial TLM procedure represented salvage surgery, and if they had previously received radiation treatment. Where indicated, patients were excluded when information was lacking from the chart review. Patients were excluded if vocal cord mobility was not adequately documented. Patients initially staged as cT2 were included regardless if they were upstaged to pT3. This inclusion facilitated an intention-to-treat process. Follow-up lengths were determined from time of initial surgical intervention. Patients were staged as T2 according to the appropriate American Joint Committee on Cancer (AJCC) edition at time of diagnosis, including AJCC 6th and AJCC 7th editions. There was no difference in the diagnosis of T2 between the two editions, and was defined as tumor extending to the supraglottis and/or subglottis, and/or with impaired vocal fold mobility. Patients were considered T2b when there was decreased vocal cord mobility during awake pharyngoscopy. Patients with normal vocal cord mobility were considered T2a.
Data was prospectively collected in a TLM database with Voice Handicap Index-10 questionnaire results. The Voice Handicap Index was originally developed as a 30 item questionnaire by Jacobson and colleagues to quantify the psychosocial consequences of voice disorders [7] . Rosen and colleagues then developed an abbreviated version of the VHI questionnaire, the VHI-10 [8] . Mean VHI-10 scores were compared between the pre-operative period and the one-year post-operative follow-up. Complications, including tracheotomy and requirement for gastrostomy tube (G-Tube) placement, were considered for the first post-operative year.
Statistical analysis and ethics
Statistical analysis was completed using the commercially available software SPSS (v21; IBM, Chicago, Illinois). Categorical variables were compared using either Chisquare test or Fischer's exact test. Continuous variables were compared using either Student's T-Test or MannWhitney U-Test. Both patient survival and recurrence rates were compared using Kaplan-Meier curves, with significance determined by Mantel-Cox Log Rank test methods. Overall survival was calculated with events being considered any cause of patient death, with patients alive at time of last follow-up being censored. Local and locoregional recurrence rates were calculated with events being considered either local or regional recurrences, and patients with no previous recurrence at time of last followup, or at time of death, being censored. New primaries were not considered as locoregional recurrence for these calculations. Ultimate control with TLM alone was calculated using Kaplan-Meier analysis, with events being considered the need for non-TLM intervention (i.e., adjuvant chemotherapy or radiotherapy, or total laryngectomy). Therefore, patients with locoregional recurrence but requiring only repeat TLM were considered censored in these analyses.
Review of patient information and use of the institutional TLM database was approved by the research ethics board of the Nova Scotia Health Authority.
Results
Patient demographics and treatment details
In total, 75 patients were included in the study. Patient demographics are found in Table 1 . Mean follow-up for T2a patients was 106 months (range 0 to 334 months) and 124 months (range 2 to 308 months) for T2b patients. Eight patients with T2a disease (17.4%) underwent adjuvant therapy, while one patient with T2b disease received adjuvant treatment (3.4%).
Oncological outcomes
In total, there were 19 local or locoregional recurrences. Five-year local and locoregional control was 69.1% when T2a and T2b were combined and analyzed as a single group. Five-year local and locoregional control rates after TLM were significantly different between T2a and T2b patients (Fig. 1, 75 .2% vs 57.0%, p = 0.022). In this analysis, no patients with adjuvant therapy or repeat TLM were excluded. Eight patients with T2a disease developed local or locoregional recurrence (17.4%), compared to 11 patients in the T2b group (37.9%). Five-year ultimate local control with repeat TLM procedures was also significantly better for patients with T2a disease compared to those with T2b disease (87.9% vs 68.1%, p = 0.008). Three patients developed distant metastasis, one of which had T2b disease, and none of these patients had lymph node involvement on original presentation. Distant metastatic sites included lungs and liver.
Twenty patients died over the course of the study. Seven patients died as a direct result of their disease. Overall five-year survival was 71.4%. There was no difference in five-year survival between patients with T2a disease and T2b disease (Fig. 2, 69 .5% vs 73.4%, p = 0.627). Disease specific survival was calculated for T2b patients, as only one patient with T2a disease died due to disease. Of the T2b patients who died due to disease, none remained alive at 5 years. Mean survival time of these patients was 16 months. Notably, there was no difference in overall locoregional control or overall survival when patients with pre-operative clinical nodal disease were removed from the analyses.
Functional outcomes
Functional complications within the first year of initial surgery were more common in patients with T2b disease. Two patients required tracheostomy tubes, both of which had T2b disease (7.6% vs 0%). One patient required a tracheostomy for management of a postoperative bleed following TLM. The other required a tracheostomy for relief of airway compromise in the 
setting of recurrent disease before 1 year. No patients required gastrostomy tube insertion. In total, 58 patients had VHI-10 scores available for analysis. Voice Handicap Index-10 scores in the preoperative period ranged from 1 to 38, and 0 to 28 postoperatively. Overall, there was a significant improvement in mean VHI-10 scores when the pre-operative and post-operative scores were compared (mean VHI-10 score 19.0 vs 9.0, p = 0.000). There was no significant difference in pre-operative VHI-10 score between T2a and T2b disease (mean VHI-10 score 18.3 vs 21.4, p = 0.409). However, there was a significant difference in post-operative VHI-10 score between the two groups (mean VHI-10 score 6.6 vs 21.3, p 0.001).
Patients with T2a disease saw significant improvements in VHI-10 score following surgery (Fig. 3 , mean VHI score 18.3 vs 6.6, p = 0.000). Patients with T2b disease did not experience significant improvement in voice quality following surgery (Fig. 3 , mean VHI-10 21.4 vs 21.3, p = 0.979).
The overall laryngeal preservation rate was 94.7%, with all except one patient requiring organ sacrifice being T2b. In total, four total laryngectomies were required (11.5% of T2b patients). Patients with T2a disease had an organ preservation rate of 97.9%. Five-year laryngeal preservation rates non-significantly differed between patients with T2a disease and T2b disease (Fig. 4, 95 .2% vs 88.0%, p = 0.140). One total laryngectomy in a patient with T2b disease was for functional purposes, in a patient with severe aspiration following multiple TLM surgeries as well as chemoradiation for repeated recurrences. The remainder of total laryngectomies were for advanced stage recurrences.
Discussion
This is the first study to compare functional voice outcomes between T2a and T2b patients treated with transoral laser microsurgery, and only the second to identify differences in oncological outcomes between these groups. Reduced vocal cord mobility in T2 tumors signifies increased tumor invasion depth, and these tumors have traditionally behaved more similarly to T3 tumors, while T2a tumors are more closely related to T1 disease [9] . The question of substratification into T2a and T2b has therefore been raised in the past, as far back as 1967 [10] , given the heterogeneous outcomes of T2 glottic cancer. The AJCC has not acknowledged a detriment in prognosis in patients with reduced vocal cord mobility.
Patients with T2b tumors treated with radiation therapy have been found to have worse locoregional control compared to T2a tumors. The large, randomized trial comparing hyperfractionation to conventional fractionation radiotherapy in T2 glottic cancer patients, RTOG 9512, demonstrated significantly worse local control, disease free survival, and overall survival in patients with T2b disease [11] . In a meta-analysis of retrospective studies by McCoul and Har-El, where the majority of studies examined radiotherapy alone, mean five-year local control rates for T2a cancers were 76.2%, compared to 64.4% for T2b cancers [3] . Patients with T2a disease in our population had similar results, while T2b disease had a slightly higher five-year recurrence rate. Our study also suggests that repeat TLM offers additional opportunity for locoregional control and is capable of sparing patients from adjuvant radiotherapy, perhaps preserving this adjuvant option for future treatment, if needed. This is especially true of T2a disease, with ultimate control with TLM alone reaching nearly 90%. Canis and colleagues [4] showed a reduction in overall survival when vocal cord mobility was affected in T2 cancers. This finding was disputed in a meta-analysis by McCoul and Har-El. However, only five studies were included in the analysis of overall survival. There was no statistically significant difference in five-year survival demonstrated in our study. Despite this, oncological outcomes appear to be worse in terms of recurrence, necessitating further treatment. To further elucidate the impact of decreased vocal cord mobility on patient survival, a multi-center prospective trial is required.
Voice outcomes have not yet been compared between T2a and T2b patients treated with TLM [12] . Findings in this study show that T2b patients may not benefit from satisfactory patient perceived voice outcomes following TLM resection, with similar pre-operative and post-operative VHI-10 scores. Voice scores appear to be similar between the two groups in the pre-operative period, with only T2a patients showing significant improvement following surgery. Despite T2b patients having decreased vocal cord mobility, T2a disease often presents as an exophytic mass that prevents glottic closure. In this sense, voice outcomes between the two groups would be similar in the pre-operative period. However, T2a disease represents a superficial cancer, and resection allows the vocal cords to re-approximate appropriately. In the case of T2b, proposed to be a more advanced cancer, increased sacrifice of the vocal cord is often required, resulting in glottic incompetence. Although additional voice related measurements could be performed for objective examination of this phenomena, the clinical utility should be called into question, as VHI-10 is intended to be a subjective, patient oriented assessment of vocal characteristics [13] . Voice outcomes at 1 year were chosen as our group has previously demonstrated no significant change in voice quality after 1 year post-operatively (results not yet published).
Finally, organ preservation was substantially better with T2a disease, while total laryngectomy and organ sacrifice was seen in approximately one tenth of T2b patients. This rate of salvage laryngectomy is similar to Canis and colleagues, who reported a total laryngectomy rate of 17% in patients with T2b disease, although 7% of patients with T2a disease also required salvage laryngectomy in their study. While five-year laryngeal preservation rate appeared better for T2a disease, the low number of events may have contributed to a non-significant statistical result. Furthermore, some patients may die of unresectable disease and therefore artificially inflate the rate of laryngeal preservation, in either group.
There are limits to this study. Documentation of vocal cord mobility in T2 cancers was generally well recorded, however missing data did limit our population size slightly. As well, VHI-10 data was generally accessible, but was missing in approximately one third of patients. Both electronic and paper medical records were reviewed in order to increase data availability. Unfortunately, not all patients had voice outcome information documented adequately. Despite this, total available voice data was on par, or greater, than the majority of similar studies [14] . Voice outcome data is still lacking for T2 cancers in general, and further effort should be made to examine this group further. Lastly, this study was not designed to address radiotherapy outcomes compared to TLM outcomes in T2a vs T2b patients, but future investigations are warranted for this as well.
Conclusion
T2 glottic cancer is a heterogeneous group that may be substratified into T2a and T2b on the basis of decreased vocal cord mobility. We have demonstrated worse voice outcomes in patients with T2b disease, as well as a significantly higher rate of salvage total laryngectomy. We also provide additional evidence to support decreased local control rates in patients with T2b disease. This study also demonstrates the possibility of repeated TLM procedures for recurrent disease in order to avoid radiotherapy. Further investigation should be aimed at determining the ideal treatment for patients with T2b disease in order to maximize both oncological and functional outcomes. Authors' contributions DF completed data gathering, data analysis, manuscript preparation, and approved the final draft of the manuscript. MHR offered expert advice, particularly in statistical analysis, and approved the final draft of the manuscript. RDH offered expert advice and approved the final draft of the manuscript. JRT offered expert advice and approved the final draft of the manuscript. SMT devised the study, offered expert advice, acted as the principal investigator and senior author, and approved the final draft of the manuscript. Fig. 4 Kaplen-Meier curve representing laryngeal preservation rates of T2a (blue) vs T2b disease (green). Statistical significance was not tested due to low number of events in T2a
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